Many have reported on the relative advantages of custom made mouthguards worn during participation in contact sports.1-5 Such reports are usually based on clinical assessment of injuries sustained. The production methods used to manufacture these guards have also received attention.6 However, there are no standards governing the production quality and effectiveness of such custom made guards. A recent study attempted to predict the best type of material and wall thicknesses of mouthguards from ball impact forces generated in a rigid load cell cushioned by various thicknesses of test material.7 The impact forces generated in such situations are primarily determined by the rate of change of momentum in the impacting body. Not surprisingly thicker cushioning layers gave lower impact forces. The conversion of this force into a stress distribution is of much more clinical interest and to achieve this, carbon paper was included in the assembly to measure the contact areas involved. It is not clear from the work why it was recommended that an insert of more rigid material should be placed within the occlusion surface of the guard. The authors also express great concern regarding the thinning that occurs when custom made mouthguards and "boil and bite" guards are shaped. This is most pronounced on the occlusion surface. Once complete, standard jaws were fitted with transparent custom made ethyl vinyl acetate (EVA) mouthguards following the recommendations given earlier, with the exception that the guards were trimmed to finish at the centre of the first molar instead of the second molar. The particular manufacturers used feel that the additional protection offered by extending the guard further backwards adds negligible impact performance but reduces breathing, palatal cooling, and speech. The finished guarded jaw is shown in fig 3. It was necessary to use two standard jaws and four identical mouthguards in this study. However, the results did not appear to be significantly influenced by the minor manufacturing variations within these assemblies. The jaw and mouthguard assembly was then mounted in a spring loaded device and subjected to impact from free falling hardwood projectiles, weighted to give certain kinetic energies on impact (impact velocity = 6.25 ms', E = 2 mV2). The projectiles also had the following end profiles chosen to simulate the types of impact encountered by mouthguard As can be seen in fig 5, increasing the kinetic energy of the projectile gives a general increase in the amount of damage in both the guarded and the unguarded condition. However, the rate of increase falls off once the projectile impact energy reaches 20 J. It is considered that the test may become insensitive at this energy level and above, due to the extensive amount of damage imparted.
As expected, decreasing the nose radius of the projectile gave a more concentrated blow. This increases contact stresses for the same rate of decrease of projectile momentum and results in a significant increase in the impact damage. The effect of toughening up the jawbone was also seen to transfer damage to the teeth, indicating that deformation of the whole jaw is an insufficient energy absorption mechanism. This occurs in both the guarded and the unguarded condition and was particularly noticeable with the conical ended projectile contacting the guarded jaw with the lowest impact energy. With the brittle jaw, three fractures occurred in the jawbone and no teeth were fractured. Under similar impact conditions a tougher jaw survived intact but at a cost of four broken teeth.
It is considered that a conical ended projectile, with 10 J impact energy, impacting upon a standard jaw with the tougher jawbone offers the most promise in creating useful standard conditions. Such conditions reproduce clinical observation and give sufficient damage for comparative purposes. Under such conditions the jaw did not fracture in either the guarded or the unguarded condition. However, the number of broken teeth was reduced from an average of seven per blow to four per blow when the mouthguard was used. Hence any further improvements to mouthguard design would be expected to create a further level of damage reduction which would be reflected in a reduction in the numbers of fractured teeth observed. It is apparent that the ability of the guard to dissipate local deformation to a wider area of the standard jaw is important and in this respect the improved fit of custom made guards is claimed to be a major advantage. Presently such claims cannot be substantiated by quantitative and repeatable testing. It is intended to investigate the relative performance of "boil and bite" guards in the immediate future.
CONCLUSIONS
(1) A standard jaw, based on the design considered in this work and fitted with a custom made mouthguard offers some scope for future investigation of this complex impact situation.
(2) Careful selection of impact energy, projectile profile, jawbone fracture toughness, and tooth fracture toughness can give conditions that simulate clinical observation in a standardised jaw.
(3) At present, a conical ended, 10 J energy, 6.25 m s-' velocity projectile, impacting a standard jaw where the simulated jawbone is considerably tougher than the tooth material, best reflects clinical observation and offers the best base from which a standard test could be developed. 
